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Abstract 

A new technique Is presented for directly mea- 
suring the core noise levels from gas turbine air- 
craft engines. The technique requires that fluc- 
tuating pressures be measured In the far*f1eld and 
at two locations within the engine core. The 
cross-spectra of these measurements are used to 
determine the levels of the far-fleld noise that 
propagated from the engine core. The technique 
makes it possible to measure core noise levels even 
when other noise sources dominate. The technique 
was applied to signals measured from an AVCO 
Lycoming YF102 turbofan engine. Core noise levels 
as a function of frequency and radiation angle were 
measured and are presented over a range of power 
settings, 

Introduction 

One of the sources of gas turbine aircraft 
engine noise that can be a significant contributor 
to the total noise of the newer, quieter gas tur- 
bine aircraft engines, is core noise. In the con- 
text of this paper, the term core noise Is used to 
refer to that low frequency engine noise source 
usually considered to originate in the combustor. 
For example, core noise dominates the noise pro- 
duc’d by the QCGAT engine described in refer- 
cme 1. This engine was designed using the latest 
omjine noise reduction techniques including acous- 
’ ’I *Teatment for fan noise reduction and a mixer 
nozzle for jet noise reduction. Analysis of data 
from static tests of this engine indicated that the 
far-field noise from this engine is dominated by 
low frequency core noise. The level of this core 
noise was determined to be about 10 dB higher than 
had been predicted (ref, 1). 

Two coimionly-used correlations for the predic- 
tion of core noise are presented in references 2 
and 3. Both of these correlations are based on 
overall combustor parameters. However, that of 
reference 3 also Includes a term for the attenua- 
tion through the turbine. These correlations are 
at best approximate and may be inapplicable to 
engines not similar to those used to generate the 
correlations. Two factors contribute to the dif- 
ficulty in making core noise predictions. The 
first factor is that there may not be a single 
source of low frequency core noise. Core noise Is 
usually considered to originate as pressure fluc- 
tuations in the combustor. A number of authors, 
for example references 4 and 5, have postulated 
that the Interaction of temperature fluctuations 
from the combustor with either the turbine or the 
nozzle can also produce low frequency noise. Aero- 
dynamic noise from the flow over the various engine 
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Struts and surfaces could also be a source of low 
frequency core noise. The second factor contribut- 
ing to the difficulty in making core noise predic- 
tions Is the complexity of the propagation path. 

For noise originating in the combustor, the noise 
must propagate through the turbine, tailpipe, noz- 
zle, jet mixing region, and finally to the far- 
field, This difficulty In making core noise pre- 
dictions results in a need to determine core noise 
levels experimentally. 

Measurement of core noise Is made difficult by 
the fact that both jet noise and core noise tend to 
peak In the same frequency range. Both are broad- 
band noise sources and are nearly Impossible to 
distinguish from each other In the far-field spec- 
tra. Since the in-flight reduction of jet noise Is 
greater than that of core noise, core noise can bo 
a major noise source from a flying aircraft but 
will be less evident uhder static conditions. 

Thus, It may be important to know the level of the 
core noise even when jet noise dominates the static 
noise from an engine. 

One method of estimating core noise from 
static engine data Is to subtract from the total 
measured noise, estimates of all other noise 
sources. The remainder Is assumed to be core 
noise. This method Is applicable only at power 
settings (usually low power) where tne core noise 
Is a significant contributor to the total noise. 

The method also assumes that the other noise 
sources can be predicted accurately. Estimates at 
power settings, other than those where core noise 
dominates are made by extrapolation. 

Other techniques for measuring core noise 
levels have been proposed. Grande (ref. 6) mea- 
sured the acoustic field within an extension of the 
core engine tailpipe of a OTBO engine. Assuming no 
energy loss at the tailpipe nozzle, the far-field 
core noise power level was determined. Recent 
tests on the transmission of sound through nozzles 
(refs. 7 and 8) have shown that the assumption of 
no energy loss through the nozzle Is incorrect. 

Thus, the radiated sound levels cannot be obtained 
from Internal measurements alone. 

Karchmer, et al (ref. 9) used coherence mea- 
surements between fluctuating pressures in the com- 
bustor of a YF102 turbofan engine and far-field 
acoustic pressures to estimate the far-field com- 
bustor associated noise. Those results were 
limited to core noise coming from the combustor, 
and did not Include other core noise sources not 
correlated with the combustor pressure fluctuations. 

Parthasarathy, et al. (ref. 10) have proposed 
a technique for determining core noise using cross- 
spectra of pairs of far-field microphones. The 
technique assumes that jet noise is the only con- 
taminating noise source in the far-field, and that 



the directivity of the jet noise 1s known, 

Further, the method postulates that since the 
sources o, jet nciso are In motion relative to the 
micropliones, the Doppler shift between the source 
and the microphones will cause the jet noise to be 
incoherent over widely separated directions. The 
core noise, originating from a stationary source, 
Is assumed to remain coherent for all angul t 
separations. 


h 

Pxs 


pressure fluctuation measured in line 
core 

portion of Px that propagates to the 
far-f leld 

portion of Px that does not propa- 
gate to the far-f leld 


This representation of the measurements Is shown 
schematically in finure 1. 


A now technique Is presented in this paper for 
directly determining core noise levels. To deter- 
mine the corn noise at a particular far-flel.3 loca- 
tion, this technique requires that the fluctuating 
pressure be measured at three locations. Two of 
the measurement locations are within the engine 
core and the third Is at the far-field position of 
interest. The cross spectra of those measurements 
are used to estimate the levels of the far-f leld 
noise that propagated from the engine core. No 
knowledge of the other noise sources contributing 
to the f Cl -field 1s required. The technique, 
referred to as the three-signal coherence tech- 
nique, was applied to signals measured from an AVCO 
Lycoming YF102 turbofan engine. Measured fluctuat- 
ing pressures In the combustor and at the core noz- 
zle exit were used along with far-field noise mea- 
surements. Measured core noise levels as a func- 
tion of frequency and radiation angle are presented 
for a range of power settings. At low paper 
settings, whore core noise was a significant con- 
tributor to the total noise, the measured core 
noise levels are compared with levels estimated by 
subtracting predicted jet and fan noise from the 
total noise. Comparisons are also made with pre- 
dicted levels and with levels determined using a 
two-signal coherence technique. 

Coro Noise Measurement Technique 

The present technique provides a method for 
'iroct'y measuring the f^.r-field noise levels 
onginf.ting in the core of an aircraft engine. The 
technique requires that the fluctuating pressure be 
measjred in the far-field and at two locations In 
the engine. Because other engine noise sources 
con-ribute to the far-field measurement, the far- 
field measurement cannot be used by itself for 
determining core noise. However, if a fluctuating 
pressure is measured within the engine core, the 
cross-spectrum U'tween the core tnsasurement and the 
far-field measurement can be calculated. The 
cross-spectrum between two signals Is the product 
of the spectra of the correlated portions of the 
two signals. The far-field pressure, Pp, can be 
written as the sum of a portion that comes from the 
engine core, Ppg, and a portion from other 
engine noise sources, Ppos» 

Pp = Ppj, + Ppos (1) 


If the measurement of the pressure fluctua- 
tions In the engine core is made near the core 
exit, then all of the core noise will contribute 
to the measurement at that location. The magni- 
tude of tlie cross-speetruin of the pressure fluc- 
tuation at the core exit, Pexiti ah'! the 
field pressure, Pp, will then be 



exIt^F 




X Pp (u) 
c 


(3) 


The desired quantity Is the spectrum of the far^ 
field signal that comes from tlie engine core, 
lPFc(‘*')r* pressure fluctua- 

tions In the engine core resulted in a signal 
propagating to the far-field then there would be 
no “noise" In this measurement, i.e., Pgxit ° 
Pexits for Pexit« “ 0* Tt'en for 
PexItS “ 0 " 




(- 1 ) 


The subscript 2, preceding the symbol Pp In 
equation (a), Is used to Indicate that only two 
signals, one In the far-field and one at the core 
exit, are used to compute this estimate of the far- 
field core noise. The estimate of the far-field 
core noise, IgPprlu)!, using equation (4) 
would usually be referred to as the "coherent out- 
put power spectrum" (ref. 11). In this paper, how- 
ever, |gPF-(w)|, will he called "the two 
signal cotierent output power spectrum." For the 
case where there is contamination of the measure 
core pressure fluctuations, I.e., Pexitn Di 
the computed "two signal coherent output power 
spectrum" will give a low estimate of the far-field 
core noise. In order to overcome this problem, a 
measurement at another location In the engine core 
is used. This second engine core measurement is 
used, along with the measurements at the core exit 
and in the far-field, to determine the transfer 
function between the core exit and the far-field. 
Consider a measurement r,ade in the combustor, 

Pc. Again it will be -',ssumed that this measure- 
ment consists of a signal and noise. From equation 
(2), with the subscript x replaced by c to 
indicate a measurement made in the combustor 


It is also assumed that the pressure measurement in 
the engine core is composed of a portion that prop- 
agates to the far-field and some non-propagating 
contamination. The portion that propagates to the 
far-field will be referred to as "signal." The 
remainder which does not propagate to the far-field 
will be referred to as "noise." For an arbitrary 
location in the engine core, x, this relation is 
given by: 

Px « Px, + Pxn (2) 


Pc “ Pcs ^ Pcp (5) 

By definition, the "noise" in the combustor, Pq, 
does not correlate with the far-field measurement. 
However, it is possible that the noise in the com- 
bustor, Pcj,, will correlate with the noise at 
the core exit, Pexitn* assumed 

that the noise in the combustor does not correlate 
wifi the noise at the core exit, then the transfer 
function, h, from the core exit to the far-field is 
given by the ratio of the cross-spectrum between 
the combustor pressure and the far-field measure- 


2 



nic^nt to the cross-spectrum between the combustor 
pressure and the core cxH pressure. 


Pp (w) 


Gp t, (w) 
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One possible source of "no1su~ In the engine 
measurements 1s pseudosound. Pseudosound, also 
referred to ■ns hydrodynamic noise, Is a locally 
correlating pressure fluctuation which is convected 
with the fluid flow. The correlation between the 
pseudosound at two locations will decrease as the 
distance between the locations increases. Thus by 
maximizing the separation of the two engine probes, 
the correlation between the pseudosound at the 
probes will be minimized. 


where the notation I3 PFc(“)I^ used t<' 

Indicate core noise levels as determined ig the 
three signal coherence techniques. 

Application of the Three Signal 
Cblioreneo TecfuTI que 

The technique presented herein for determining 
far-flald core noise levels from gas turbine air- 
craft engines was applied to tape recorded signals, 
previously obtained during the tests reported In 
references 13, 14, and lb. Those tests were con- 
ducted on an AVCO Lycoming YF102 turbofan engine. 

A short description of this engine and these tests 
Is presented 1n the next section. This is followed 
by a section describing the data analysis procedure 
used to evaluate equation (7) In the preceding 
section. 


Another possible source of "noise" in the 
engine measurements Is higher order acoustic modes 
present in the engine but not propagating to the 
far-field. For example, using the relations In 
reference 12, the hard wall cut-on frequency of the 
first circumferential mode is calculated to be 
about 380 Hz In the combustor of the YF102 engine, 
but Is calculated to be cut off up to 730 Hz at the 
YF102 core exit. Below 730 Hz,, this mode Is not 
expected to radiate very efficiently to the far- 
field. However, the mode will exist 1n the combus- 
tor, where It is cut-on, and downstream of the com- 
bustor even where 1t Is cut-off. At locations 
where the mode Is cut-off, the magnitude of the 
mode will decay exponentially with axial distance. 
Consider a first order circumferential mode at 
400 Hz. Using the cut-on frequency at the turbine 
exit, 480 Hz, as an estimate of the average cut-on 
frequency for the distance between the combustor 
and the core exit, the decay rate at 400 Hz is cal- 
cifUted to be 23 dB/m. The toal distance from the 
n iiStor to the core exit for the YF102 engine is 
1 . out 0.8 111 . Thus at 400 Hz, the level of the 
1 1 -St circumferential mode at the core exit will be 
U less than the level in the combustor, Thus, 
1f in the combustor at 400 Hz the first circumfer- 
ential mode is higher than the plane wave mode oy 
about 9 dB, the cross spectrum between the fluc- 
tuating pressure in the combustor and that at the 
core exit would be about 3 dB higher than that for 
the plane wave only. This 3 dB increase in the 
cross-spectrum between the engine probes would 
result in a 3 dB underprediction of the far-field 
core noise. The error would be reduced If some of 
the first order mode did in fact radiate to the 
far-field, To determine the actual modal content, 
a number of probes would be required at each engine 
location of interest. 

For the method presented In this report, it 
win be assumed that the error due to higher order 
modes is negligible. It will also be assumed that 
the engine probes are sufficiently separated so 
that no correlation exists between any other 
"noise" at one engine probe location and that at 
the other. With these assumptions, the spectrum of 
the far-field signal that comes from the engine 
core is then given by 
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Entwine and Test Description 

The YF102 Is a turbofan engine with a rated 
thrust of 33 kN and a bypass ratio of o. The en- 
gine core consists of an eight-stage compressor, a 
reverse flow annular combustor and a four-stage \ 

turbine. A cutway illustration of the engine Is { 

shown in figure 2, Acoustic testing of the engine r 

was conducted at an outdoor test stand with the 
engine centerline 2.9 m above a hard surface ground 
plane. A photograph of the engine on the test 
stand is shown In figure 3. The engine was con- 
figured with a bellinouth inlet and separate core 
and fan exhaust nozzles. Additional details on the 
engine and Its performance are given in reference 
16. 


During the tests, simultaneous measurements of 
pressure fluctuations within the engine and in the 
far-field were made at eight fan speeds between 30 
and 9S percent of maximum speed. Pressure fluctua- 
tions were measured at seven different locations In 
the engine using semi-infinite tube pressure 
probes. The locations of those measurements are as 
follows: two Just downstream of the compressor 
exit, about 2 cm apart; one at the combustor 
entrance; two within the combustor at the same 
axial location out separated 90° circumferentially; 
and two within the core tailpipe, one just down- 
stream of the turbine exit and one close to the 
tailpipe exit plane. A schematic showing the probe 
locations Is shown in figure 4. A detailed de- 
scription of these probes Is presented in reference 
15. 


Far-field noise measurements were made using an 
array of sixteen ground-level microphones on a 
30.5 m radius circle centered on the exhaust plane 
of the sore nozzle. The nilcrophones^were placed on 
a concrete surface 10* apart from 10* to 160° from 
the engine Inlet axis, The signals from the inter- 
nal probes and the far-field microphones were FM 
recorded on magnetic tape in two minute record 
lengths for later processing. 

Data Analysis 

The data obtained during the tests were ana- 
lyzed using a two-channel fast Fou*’1er transform 
digital signal processor. The processor was cap- 
able of direct computation of up to 4096 ensemble 
averages of 1024 forward or inverse Fourier trans- 
forms to yield either time domain (correlation) or 
frequency domain (cross-spectra, transfer function, 
or coherence) information. The processor had 
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built-in 120 dB/octhve anti-aliasing filters and 
provisions for pre-computation delay. The pre- 
computation delay provision allows one signal to be 
delayed relative to the other to remove the physi- 
cal delay due to acoustic transmission. This pro- 
cess minimizes the time delay bias error that would 
result if the physical time delay were not removed 
(see ref. 15), 

For the technique described in this report, the 
required quantities to be calculated arei the 
cross-spectra between the tailpipe exit probe and 
the far-field; the cross-spectra between an up- 
stream probe (usually one of the combustor probes) 
and the far-field, and the cross-spectra between 
the upstream probe and the tailpipe exit probe. 

The signals were analyzed over a frequency range 
from 0 to 2400 Hz with a bandwidth of 6 Hz. The 
cross-spectra between the engine probes and the 
far-field signals wore computed with a pre- 
computation time delay of 0.083 sec. This pre- 
computation delay is approximately equal to the 
acoustic propagation delay of 0.087 sec. The 
cross-spectra between the engine probes and the 
far-field were usually computed based on 256 en- 
semble averages. For the cross-spectra between 
engine probes, 512 ensemble averages were usually 
taken and no pre-computation delay was used. Auto- 
spectra of the signals were computed simultaneously 
with the cross-spectra. The resultant auto- and 
cross-spectra were transmitted to an IBM 370 digi- 
tal computer for the computation of the far-field 
core noise levels. One-third-octave levels were 
computed by summing the 6 Hz band levels over the 
one-third-octavG frequency bands. For bands 
straddling two one-third-cctave bands, the level 
was apportioned between the two one-third-octave 
bands, assuming white noise in the constant- 
bandwidth band. All data presented in this paper 
are for as-measured conditions. No corrections 
have been made for atmospheric attenuation or 
ground reflections. 

Results and Discussion 

The three signal coherence technique presented 
herein was used to determine core noise levels for 
the YF102 turbofan engine. These levels were 
determined as a function of frequency and radiation 
angle over a range of power settings. Some typical 
one-third octave spectra and a few narrow band 
spectra are presented in this section. Also pre- 
sented is an examination of the sensitivity of 
these spectra to the location f the upstream 
engine probe. Next the core noise levels are com- 
pared with the total noise and jet noise levels to 
determine the relative importance of the core noise 
from this engine. Finally, comparisons are made of 
core noise levels determined using the three signal 
coherence technique with predicted core noise 
levels and with core noise levels determined from 
the experimental data using other procedures. 

Spectr a 

One-third octave spectra . - Typical far-fielJ, 
one-third octave core noise spectra obtained using 
the three signal coherence technique are shown it< 
figure for several power settings. These spectra 
are for a radiation angle of 120* from the engine 
inlet. A radiation angle of 120* was chosen be- 
cause core noise tends to peak at about 120*. The 
spectra exhibit several peaks. The peak at 125 to 
160 Hz, that IS clearly evident at the two lower 


etigine speeds, has been identified as being highly 
coherent with the pressure fluctuations in the com- 
bustor (ref. 9). The higher frequency peaks may be 
associated with the cut-c-, of higher order modes 
within the core. 

Narrow band spectra . - Narrow band (6 Hz) spec- 
tra of far-field core noise determined using the 
three signal coherence technique and measured far- 
field total noise are presented in figure 6. The 
data in figure 6a are for an engine speed of 43 
percent and that in figure 6(b) is for an engine 
speed of 95 percent. As can be seen, the core 
noise levels are very Irregular. This is a direct 
result of the irregularity In the Individual cross- 
spectra used to compute the measured core noise 
levels. From equation (7), the cross-spectra used 
to compute the core noise levels are the cross- 
spectrum between the core exit and the far-field, 
the cross- spectrum between the combustor and the 
far-field, and the cross-spectrum between the com- 
bustor and the core exit. These cross-spectra are 
shown in figures 7(a) to (f) for engine speed of 
43 and 95 percent. The irregularity in the cross- 
spectra is due to the low coherence between mea- 
surements. Typical coherences between pairs of 
measurements at 43 percent speed are shown in fig- 
ure 8. As can be seen in figure 8, above 200 Hz, 
the coherences between the combustor probe and 
either the downstream tailpipe or the far-field are 
very small. These small coherences result in the 
large variances in the measured cross-spectra 
(ref. 9). 

Effect of upstream probe location . - The effect 
of tluir location of the upstv'eam engine probe on the 
core noise levels determined using the three signal 
coherence techniques is presented in figure 9. 

Three different upstream probe locations were used 
for this comparison, two in the combustor and one 
at the tailpipe inlet. The combustor probe (circle 
symbols) that was used for the other figures in 
this report, is in-line with the tailpipe probes. 
The second combustor probe (triangular symbols) is 
at the same axial Jocation but is separated circum- 
ferentially by 90*. In all cases, the tailpipe 
exit probe was used as the downstream probe. The 
core noise levels measured using each of the up- 
stream probes are compared in figure 9 for several 
engine speeds. As can be seen, the measured core 
noise levels are not sensitive to the location of 
the upstream probe with the largest variance 
occurring at 95 percent speed. 

Noise Component Comparisons 

In figure 10, the measured core noise levels 
are compared with measured far-field total noise 
levels at 120' from the engine inlet for several 
engine speeds. Also shown in figure 10 are jet and 
fan noise levels predicted using the methods of 
references 17 and 18, respectively. At the lowest 
engine speed of 30 percent, (fig. 10(a)), the core 
noise is dominant over nearly the entire frequency 
range and accounts for nearly all of the far-field 
noise shown. An anomaly occurs at 315 Hz where tbs 
measured core noise exceeds the total by several 
dB. At this speed, the jet noise contributes only 
at frequencies below 100 Hz and fan noise contri- 
butes above 630 Hz. As the engine speed is in- 
creased from 30 percent to 50 percent (figs. 10(b) 
to (d), the contribution of jet noise increases at 
low frequencies; however, core noise continues to 
dominate in the frequency range from 100 to 
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800 Hz. At 60 percent engtne speed, figure 10(e), 
the jet and core noise levels are about equal. At 
the highest speeds, figures 10(f) and (g), the jet 
noise dominates. 

The relative contribution of jet and core noise 
can also bo seen by comparing overall sound pres- 
sure levels. In figure 11, total, core and jet 
overall sound pressure levels from 50 to 1000 Hz 
are plctted against engine speed. Again the total 
and cola levels are measured and the jet levels are 
predicted. Again the dominance of core noise at 
low speeds and jet noise at high speeds is evi- 
dent. However, the comparison in figure 11 is for 
static conditions. At typical flight conditions, 
the jet noise levels would be decreased about 
6.S dB relative to the core noise at 95 percent 
engine speed. This would make the jet and core 
noise levels nearly equal even at takeoff power 
settings. This example illustrates the importance 
of knowing the core noise levels even when, at 
static conditions, the jot noise may dominate. 

Comparisons With Other Core Noise Estimates 

At low power settings, where the core noise 
dominates the far-field levels, an estimate of core 
noise levels can be obtained by subtracting the 
predicted jet and fan noise from the total noise. 

At the higher power settings where the jet noise is 
nearly equal to the total, small errors in either 
the measured total noise or the predicted jet noise 
would result in large errors in core noise. 
Comparisons of core noise levels obtained by sub- 
tracting predicted values of jet and fan noise from 
the total noise with levels obtained usi'ig the 
three-signal coherence method are shown in figure 
12 for several angles at 30 percent engine speed 
and at 120 for 37 percent and 43 percent engine 
speed. Excellent agreement was obtained for fre- 
quencies up to 400 Hz. Above 400 Hz, the three- 
signal coherence technique gives levels that are 2 
to 5 dB below those obtained by subtracting jet and 
fan noise from the total noise. Several reasons 
for this difference can be postulated: (1) Fan 
noise levels were underpredicted; (2) Coherence 
existed between the non-radiating noise at the two 
engine probes; and (3) The low levels of coherence 
between the signals resulted in a bias in the core 
noise levels. The fan noise levels were predicted 
using the method of reference 18. FhU method has 
an exponential decrease in the fan noise levels as 
the frequency decreases. In reference 19, a fan 
noise prediction method is given which uses a 
linear decrease in level with decreasing fre- 
quency. This linear relation would give higher 
levels of predicted fan noise and hence lower 
levels of core noise. A comparison of the fan 
noise levels using the two prediction shapes is 
shown in figure 13. The impact of using the refer- 
ence 19 fan noise prediction on core noise obtained 
by subtracting predicted jet and fan noise from the 
total noise is shown in figure 14, Here new esti- 
mates of core noise using reference 19 fan noise 
levels are compared with core noise levels obtained 
using the three-signal coherence technique. Better 
agreement between the two estimates is obtained at 
higher frequencies. However, the better agreement 
using the fan noise prediction of reference 19 shoud 
not be used to judge which fan noise prediction 
procedure is better. This exercise only illus- 
trates the sensitivity a commonly used core 
noise determination tr .Unique to the knowledge of 
other engine noise sources. 


As mentioned in the description cf the core 
noise measurement technique, in the absence of non- 
radiating noise at the tailpipe exit, the far-field 
cor/; noise could be calculated using a single 
engine probe, In figure 15, the core noise levels 
determined using the three-signal coherence tech- 
nique are compared with those determined using only 
the tailpipe exit probe. The spectrum determined 
using only the tailpipe exit probe was referred to 
as the "two-signal coherent output power spectrum" 
and is evaluated using equation (4), In the pres- 
ence of non-radiating noise at the tailpipe exit, 
the "two-signal coherent output power spectrum" 
will give a low estimate of the far-field core 
noise. It can be seen in figure 15 that this is 
Indeed the case. Except for a few Isolated fre- 
quencies, the "two-signal coherent output power 
spectrum" is consistently several dB below the core 
noise levels as detennined by the three-signal 
coherence technique, 

Core noise levels detennined using the three- 
signal coherence technique were also compared with 
predicted levels using the core noise prediction 
methods of references 2 and 3. A comparison of the 
spectra at an angle of 120’ and 30 percent engine 
speed is shown in figure 16. The method of refer- 
ence 2 predicts the core noise at low frequencies 
but overpredicts at high frequencies by several 
dB. The method of reference 3 underpredicts the 
levels at low frequencies and overpredicts at high 
frequencies by 5 to 7 dB. At 95 percent speed; 
figure 16, both methods overpredict the data. 

A comparison of overall sound pressure level direc- 
tivities is shown in figure 17 for 30 percent 
speed. The predicted directivities bracket the 
data and agree with the data to within *2 dB. In 
general, the predicted levels are in fair agreement 
with the data. 

Summary of Results 

A technique for directly measuring core noise 
levels from aircraft engines was presented. The 
technique makes it possible to measure core noise 
levels even when other noise sources dominate. By 
measuring the fluctuating pressures in the far- 
field and at two locations within the engine, the 
effects of contamination of the measurements within 
the engine by non-radiating noise are eliminated. 
The technique was used to measure core noise levels 
from an AVCO Lycoming YF102 turbofan engine. 
Excellent agreement between levels measured using 
this technique and those obtained by subtracting 
predicted jet and fan noise from the measured total 
noise was obtained for frequencies below 500 Hz. 
Above 500 Hz the agreement is dependent on the fan 
noise prediction used. Good agreement was obtained 
using a fan noise prediction procedure have a 
linear decrease in fan noise with decreasing fre- 
quency. A comparison of predicted core noise 
levels with the measured levels showed fair agree- 
ment between predicted and measured levels for the 
YF102 engine, 
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Figure 2. - Cutaway illustration of YF102 turbofan engine. 





Figure 3. - YF102 turtwfdn engine on test stand. 



Figure 4. - Schematic showing core probe locations. 
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Figure?. - Measured cross-spectra. 
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Figure 8, - Measured coherences. 
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(b) 37% ENGINE SPEED. 

Figure 10. - Comparison of core, jet, and fan noise levels to 
total noise at 120° from the engine Inlet 







OVERALL SOUND PRESSURE LEVEL, dB. 





SOUND PRESSURE LEVEL, dB, RE. 20pPa 




Figure 12. - Comparison of core noise measured using the 
three signal coherence technique with core noise esti- 
mated by subtracting predicted jet (ref. 17) and fan (ref. 18) 
from total noise. 
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Figure 14. - Comparison of core noise measured using three 
signal coherence technique with core noise estimated by sub- 
tracting jet and fan noise from the measured total noise using 
reference 19 fan noise prediction, 120° from engine inlet 
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(c) 43% ENGINE SPEED. 
Figure 14. - Concluded. 
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Figure 15. - Comparisons of core noise levels determined 
using three signal coherence technique with core noise 
levels determined using two signal coherence method, 
120° from engine inlet 
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Figuf'e 17. - Compai ison of measured and predicted over- 
all sound pressure level directivities, 30% engine speed. 



